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OF HIBBERTIA i DILLENIACEAE) 


IN RELATION TO ECOLOGY AND EVOLUTION 


WTlli.am C. Dickison, I’iiillip IM. Rury, .and 

G. Ledyard Stebbins 


In a recent review of xylem anatomy, Carlquist ( 1975) quoted a 
statement by Bailey (1966), stressine; the importance of relating wood 
anatomical diversity to ecological and physiological influences in habitats 
where the plants normally grow, and suggested that such relations are best 
established by comparing species within a genus. A preliminary compari¬ 
son of this kind is here presented for the genus Hihbcrtia Andr., which 
contains about 150 species of shrubs, small trees, or vines that occur j')ri- 
marily in Australia and New Caledonia. As jiointed out by Stebbins and 
Hoogland ( 1976), Hibbertia includes an extraordinarily wide range of di- 

m' K ' 

versity with respect to growth habit, size and structure of leaves, floral 
morphology, chromosome numbers, and ecological adapfations. Further¬ 
more, the least specialized members of the genus are in many ways among 
the least specialized of modern angiosperms with respect to the majorit}^ 
of their morphological characteristics (Stebbins, 1974). The jirimitive 
condition of Hibbertia xylem in comparison to that of other Dilleniaceae 
w'as recognized by Dickison (1967). A thorough analysis of variation in 
venation patterns of the leaves (Rury & Dickison, 1977) has shown that 
foliar v'enation is rather generalized in some species, but highly specialized 
in others, and that species having relatively specialized floral structures 
usually hav'e more specialized leaf morphologies. The data reported in 
this iiaiter can, accordingly, be discussed within the context of the wide 
mor|)hological and ecological variation present within the genus, and the 
family Dillen iaceae as a whole. 

w' 


MATERIALS AND METHODS 


Woods of 2 7 species of Hibbertia were studied. Sources of specimens 
and other pertinent collecting data are presented in T.able 1. M ood samples 
were boiled in water and cut on a sledge microtome at a thickness of 20 to 
30 /un. Smaller stems were initially glued onto wood blocks prior to 

Resulting .sections were stained with .safranin. Data relating 


sectioning. 

to wood cell length were obtained by making at least 25 measurements 
from macerations j)reiiared using Jeffrey s solution. Vessel elements were 
measured from tip to tip. Cell diameters were measured from transverse 
sections. Wood terminology follows the Multilingual Glossary oj Terms 
used in Wood Anatomy (Committee on Nomenclature, International As¬ 
sociation of Mood Anatomists, 1964). For the most part, cate.gories of 

measurement follow the suggestions of the Committee on Standardization 
of Terms of Cell Size (1937, 1939). 
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Table 1. Wood specimens of Hibbertia examined. 


Species 

Collector 

Collection 

LOCALITY 

Herbarium 

VOUCHER " 

Xylarium 

altis.ena Schltr. 

11. S. MacKee 3549 

New Caledonia 

L 


as per a DC. 

P. G. Wilson 680 

S. Australia 

L 


baJiksii Bcntham 

L. J. Brass S431 

Papua 

L 


baiidouinii Brongn. & Gris 

• 

New Caledonia 

• 

BRIw 13033 

baudouinii Brongn. & Gris 

11. S. MacKee 3818 

New Caledonia 

L 


coriacea ( Pcrs.) Baillon 

Lam & Meeiise 606S 

Madagascar 

L 


cioieiiorviis (Labill.) Sm. 

• 

\V. .Australia 

• 

BRIw 11684 

m 

cuneiionnis (Labill.) Sm. 

Carlqnist 1017 

W. .Australia 

RSA 

R S .A w 

• 

cuneiionnis (Labill.) Sm. 

Carlquist 6085 

\V. .Australia 

RSA 

RS.Aw 

drummondii ( Turcz.) Gilg 

Stebbins & Keighery 
A-25 

\V. Australia 

UCB 


exutiacies X. x\. Waketiekl 

Kraehenbuehl 2153 

S. .Australia 

NCU 


furfuracca (DC.) Bentham 

Carlquist 6056 

\V. .Australia 

RSA 

R S .A w 

glaberrinia F. Mueller 

D. J. Whiblev 1081 

S. .Australia 

NCU 


huegelii (Endl. ) F. Mueller 

E. Pritzel 572 

.Australia 

L 


huegelii (Endl.) F. Mueller 

Stebbins & Keighery 
.1-9 

.1. Morrison s.n. 

Australia 

UCB 


hypericoides (DC.) Bentham 

\V. .Australia 

L 

RSA w 

lineata Steudel 

Carlquist 5940 

.Australia 

RSA 

lucens Brongn. & Gris 

A. C. Smith 3546 

• • • 
r iji 

.AI.AD, NY 

SJRw 28402 

lucens Brongn. & Gris 

.•1. C. Smith 3045 

r iji 

M A D, N Y 

SJRw 27903 

Incests Brongn. & Gris 

# 

New Caledonia 

J 

• 

BRIw 12037 
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Table 1. Wood specimens of Hibbertia examined ( continued ). 



Species 

Collector 

CoLLECTIO.N' 

LOC.LLITY 

HeRB.ARII'M 

N'orCHER " 

Xyl.aric.m 

nio?itana Steudel 

Stebbius & Keighcry 
A-3S 

H . S. MacKee 32303 

.\ustralia 

U C B 

-- 

?igoyensis Schltr. 

New Caledonia 

N C U 

NCU 

obtUS!folia DC. 

Cj. L. Stebbms A~53 

.X.C.T.. .Australia 

U C B 

obtusifolia DC. 

Hoogland 3067 

A.C.T.. .Australia 

L 


potentillifiora Bentham 

Stebbius & Keighery 

W. Australia 

UCB 


procumbens (Labill. ) DC. 

X. T. Burbidge 3326 

Ta.smania 

L 


saligna DC. 

% 

N.S.W., Australia 

• 

BRIw 13034 

saligua DC. 

E. F. Constable 4434 

N.S.W.. .Australia 

N C U 

scandeus { Willd.) Gilg 
scandens (Willd.) Gilp; 

R. D. Hoogland 3115 

(Queensland. Australia 
Cult. BRI s.n. 

L 


sericea (DC.) Bentham 

E. F. Constable 3S50 

N.S.Wh. Australia 

NCU 


sericea (DC.) Bentham 

M. C. R. Sharrad 342 

S. .Australia 

L 

US 


serrata Hotchkiss 

C . L. Wdlson 835 

.Australia 


stricta (DC.) F. Mueller 

D. J. IVkibley 855 

S. .Australia 

NCU 


trachyphylla Schltr. 

> 

m 

New Caledonia 

L 


imcinata (Bentham) F. Mueller 

Stebbms & Keighery 
.1-.? 

B. J. Blaylock 575 

-Australia 

U C It 


virgata R. Br. ex DC. 

S. .Australia 

NCU 


Abbreviations follow Holms^rcn 

o 

and Kcukcn (1974) in Index 

Herbariorum. 
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OBSERVATIONS 


Growth rings. Well-defined .urowth rings are recognizable by the pres¬ 
ence of thicker-walled imperforate tracheary elements in the late wood 
of the Australian species Ilibbcrtia drummondii, H. hucgeln, II. montana, 
H. exutiacies, H. viri^ata. H. potentUUflora, 11. saligna. H. stricta. II. un- 
cinata, II. hypericoidcs. and II. obtusijolia. Very weak growth rings are 


cijof 


Growth rings are irregularly 


spaced and conspicuously wavy in outline as viewed in transection. \\ oods 
of II. exutiacies and H. virgata are, in addition, distinctly ring porous, as 
shown by the restriction of larger vessel elements to the early wood of a 
crowth rinjz. 


Vessel elements. Selected characteristics of the wood of species stud¬ 
ied are summarized in T.able 2. Four species. Hibbertia luce)is. II. salig¬ 
na, II. cuneiformis, and II. coriacea, formed the basis of the description 
of Ilibbcrtia wood by Dickison (1967). In spite of the fact that the}'’ be¬ 
long to different .sections of the genus (which in floral morphology differ 
from each other so much that they might best be regarded as subgenera), 
these species are very similar to each other with respect to xylem struc¬ 
ture. Wood of the remaining species is here recorded for the first time 
and reveals an interesting diversity of anatomical structure previously un¬ 
reported for the genus Ilibbcrtia. 

In most plants the shape of the pores varies from slightly angular to 
circular. In Hibbertia saligna, II. lucens, H. cuneiformis. II. trachyphylla, 
and H. obtusifolia the pores are decidedly angular, whereas in II. scandens, 
II. huegelii, and II. exutiacies there is a strong tendency toward a circular 
outline. As reported by Dickison [loc. cit.), vessel elements are solitary in 
distribution; the paired condition is present only in the region of vessel 
element overlap. Walls are typically of medium thickness, but decidedly 
thin-walled vessels occur in the Australian H. scandens and in II. ngoyensis 
of New Caledonia. \’essel walls of the other New Caledonian plants ex¬ 
amined also show a tendency toward the thin-walled condition. Wean 
pore diameters range from extremely small in the low, shrubby species to 
mostly moderately small in the larger tree forms. In the single collection 
of H. hypericoidcs studied, pores have extremely small diameters, making 
it difficult to distinguish vessels from imperforate tracheary elemenrs in 
transection. \T.ssel diameter in H. scandens has clearly increased in re¬ 
sponse to the liana habit. The number of pores per unit area varies con¬ 
siderably, being highest in H. stricta and H. exutiacies, and lowest in H. 

^ I T i 

scandens. Within the genus, mean vessel element length ranges between 

medium sized and moderately long. 

Interve.ssel pitting is sparse, but where present is opposite to transitional 
to scalariform in distribution. Pits are circular to scalariform in outline 
and range in size from minute to very large. Ray—vessel pitting is half- 
bordered with a distribution pattern similar to that of intervessel pitting. 
Hibbertia procumbens, a prostrate semi-xeric species from southeastern 






Oo 

On 


J 


Table 2. Summary of selected wood anatomical features of Hibbertia in relation to growth habit and habitat. 

(Data from immature samples are in parentheses.The numbers corresponding to character states are: 1. number of samples studied: 

geographical distribution, o, ecological preferences; 4, growth habit; 5, leal size; 6, diameter ot stems studied; 7, growth rings; 8, 

range in vessel element length. Mm.; 9. mean vessel element length. Mm.; 10. mean vessel diameter. Mm,; 11. perforation plates scalari- 

form only, 12, perforation plates scalaritorm and simple; lo, bars per scalariform pert oration, average; 14, mean fiber length. Mm.; 15, 
fiber wall thickness. 


Set tion and species 

1 


3"^ 

4 


5^’ 


6^' 

7^ 

8 

9 

10 

11 

12 

1 3 

14 

15^‘ 

Po1ys tiche 


















bandoii in i L 

9 

New Caledonia 

M 

rosette tree, 

10 ni . 

L. 

s . 

4 

M 

— 

660-1408 

1078 

57 

+ 


1 7 

1441 

ni, t 

Spicatae 


















ngc^yens i s 

1 

New Caledonia 

M 

rosette tree, 

6 m . 

L. 

s . 

3 

M 

— 

759-1243 

968 

95 

-f 


22 

1804 

t 

i lice ns 

3 

New Caledonia, 

«-, • • • 

]• 1 i 1 

SX 

shrub c) r 

rosette tree 

L . 

s . 

3 

M 

— 

625-2037 

1074 

61 

+ 


42 

1551 

tn, L 

t rachy pliy I la 

1 

New C^iiedonia 

sx 

shrub or 

rosette tree 

L. 

s . 

3 

6.0 mm. 

— 

(418-1034) 

(726) 

(40) 

+ 


(24) 

(1036) 

m, t 

a 1tigena 

1 

New Caledonia 

SX 

sh rub, 1.0m. 

L. 

s. 

2 

4 . 0 Him. 


(341-1012) 

(682) 

(35) 

-h 


(32) 

(1001) 

m 

Cyclandra 


















sailgna 

2 

H. Australia, 

N . S . \v . 

M 

erect shrub, 

60-90 cm. 

L. 

s . 

3 

M 

+ 

770-1694 

1199 

38 

+ 


46 

1 351 

ni , t 

se rrata 

1 

S.W. Austral i<i 

M 

shrub, 2-3 ni. 

L. 

s . 

3 


0 

■ 

7 

979 

7 

-r 


32 

1133 

7 









• 

• 


9 

ob 1 usif o1ia 

1 

tLm 

S . K . Aus Lralia 

SX 

sma11, e rec t 
shrub , 0.1 m . 

L . 

s . 

3 

4 . 0 nmi . 


308-957 

627 

2 5 

+ 


17 

825 

m 

scandens 

2 

b. Australia 

M 

vine 

L. 

s . 

3 

8 mm . 


413-1430 

731 

45 



9 

943 

t 
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mon tana 

1 

W. Australia 

SX 

sli rub ^ 

0.5-1.5 m. 

I,. S. 2 

drummondii 

I 

Interiur of W. 

Ans t: ral ia 

X 

sh rub , 0.5 in. 

1.. S. 2 

glaberrima 

1 

Interior of S. 

& N. Australia 

S X- X 

shrub 

L. S. 2- 
E. S. 3 

potentilliflora 

1 

W. Australia 

SX 

semi-pros t ra te 
shrub 

L. S. 3 

virgata 

1 

E. Australia 

SX 

shrub, 0.5 m. 

].. S. 1 

procumbens 

1 

T a s nia n i a , 

E. Australia 

SX 

prostrate shrub 

L. S. 1- 
L. S. 2 

Candollea 

cuneifo rmis 

3 

S.V^. Australia 

S X- M 

shrub, 1-2 m. 

L. S. 2- 
L. S. 3 

huegelii 

2 

W. yXustralia 

SX 

sh rub, 0.5 m. 

L. S. 2 

uncinata 

1 

Interior of . 

Aus t ralia 

X 

shrub, 

0.2-0.5 ni. 

L. S. 1 

Hemipleurandra 

lineata 

1 

• 

W. Australia 

SX 

semi-prostrate 
shrub 

L. S. 3 
(?) 

f urfuracea 

1 

S.W. Australia 

SX 

sh rub, 

0.5 -1.5 ni. 

1.. S. 3 

hypericoides 

I 

S.W. Australia 

SX-M 

shrub 

L. S. 2 

Pleurandra 

sericea 

9 

E. Australia 

SX 

sh rub, 0.5-1 m. 

L. S. 2 

s trieta 

1 

E. 6 S. Australia 

SX 

shrub, 0.5 m. 

L. S. 1 


2.0 mm. 

4- 

440-990 

651 

14 

+ 


8 

747 

U' 


2.5 mm. 

+ 

220-880 

513 

13 



2 

803 

tl) 


4.0 mm. 

— 

220-825 

497 

23 


4 - 

3 

760 

m. 

th 

4 . 1 mm. 


270-622 

41 1 

15 

+ 


4 

551 

m. 


3.5 mm. 

-f 

248-550 

400 

14 



8 

584 

m. 

t 

— 

>1 

• 

165-671 

451 

» 

+ 


28 

517 

■) 

♦ 


M 


572-1232 

940 

39 

+ 


24 

1402 

m, 

t 

4.0 mm. 

+ 

330-1265 

57 3 

13 

+ 


8 

738 

III, 

th 

3.0 mm. 

4 - 

330-853 

547 

13 


4 - 

4 

767 

m. 

th 

— 


473-869 

627 

30 

-f 


7 

957 

• 


— 


528-979 

726 

40 

+ 


10 

935 

7 

• 


4.5 mm. 

+ 

363-1056 

616 

20 



7 

792 

m. 

t 

3, 3 mm. 

-f 

363-1265 

697 

2 2 

-f- 


9 

998 

m. 

th 

3.2 mm. 


193-770 

481 

17 

4* 


8 

759 

m 
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Table 2. 


Summary of selected wood anatomical features of Hibbertia in relation to growth habit and habitat ( coiitiuiied). 


L* u t i a c i e s 

1 S . K. A us t r a 1 i a 

SX 

prostrate* shrub 

L. S. 

] 

as pt^ r a 

1 S . 1-.. & W. 

SX 

s 1 1 n 1 b 

[.. S. 

) 


Alls t ra 1 i a 





Hem i s terniiia 






CO r i ace.i 

1 Madagascar 

SX 

shrub, O.b-2 n. 

h. s. 






!.. S. 

3 

banksii 

1 N. Queensland, 

* « 

• 

• 4 

shrub, 1-2 m. 

I.. S. 

3 


Alls trail a ; 

S. New ('-ninea 


3.8 mm. 


231-660 

4 30 

21 

+ 

5 

613 

m 

3 mm. 


352-792 

561 

7 

• 

+ 

7 

770 

9 

• 


M 


693-1287 

957 

40 

+ 

19 

1474 

m. 

— 


671-1430 

968 

' ) 

• 

+ 

12 

1144 

9 

• 


a 


b 


Symbols used: mesic (N), seini-xeric (SX), or :<eric (X). 

bt a t SI XL (lasses alter Fbiunkiaet (1934): (L. S. I) Lepto[diylls 0-25 mni. ^ ; (I,. S. 2) Nanophylls 25-225 111111 .“; (L, S. 3) Mierophylls 225-2025 

(L. S. 4) Mesophvlls 2,025-18,222 •”‘'- 




mni. 


c 


Svnibyil used: mature Vs'ood (M). 


d 


S'.nibols used: y ren-; t h ring's present (+) , i^r absent {-). 


^Syniliols used 


w. 1 1 ] s 1 h i n lumen yt re a t e r than 111 i e kn e s s el walls ( t) ; me d i luii 
thickru^ss ol walls (th). 


lumen equal tt3 thickness of walls (in) ; or thick - 1 umeui less than 


i 


Symiu^l used: data unavailnl^le ( ? ) . 


I I 



O 


Cyi 
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Australia, is unusual in possessing extensive scalariform lateral wall pit¬ 
ting. Perforation plates are exclusively scalariform in the vast majority 
of species, although there is wide variation in the number of bars per per¬ 
foration. In our material mean bar number ranges between a high of 42 
and a low of 2 (Figures 1-10). Bars also vary considerably in width and 
degree of separation. Branched bars are frequent. It is of much interest 



Figures 1-11. Vessel member structure in Hibbertia and Pachynema: 1, 77/6- 
bertia saligna (BRIw 13034); 2, H. baudoiiinii (BRIw 13033); 3, 77. scricca 
(Sharrad 342 ); 4, 5, 77. michiata (Stebbins & Keighery A-3 ); 6, 7, 77. exutiacies 
(Kraehejibuehl 2133); 8, 77. obtusifolia (Stebbins A-53); 9, 77. cioieijonnis 
(BRIw 11684); 10, 77. banksii (Brass 8431); 11, Pachynema jnnceum (Dun¬ 
lop s.n.). 
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that simple j^erforation plates were observed in a low percenta^^e of the 
v'essel elements in II. dnvumondii. II. glabcrrima. and H. unciriafa (Fig¬ 
ure 4). In these sjiecies vessel elements are occasionally present with 
simple perforations on one end and few-barred scalariform perforation 
plates on the other. 


Tmpkkfor.ate tr.vcmie/Xry elements. Imperforate tracheary elements 
are ilber-tracheids, although in many of the small, semi-xeric siiecies the 
pit borders are very reduced, and the elements approach the libriform 
fiber tyjie. J'he mean lenyth of the fiber tracheids jjjenerally ranges within 
the very short and short categories: only Ilibbcrtia luccns and II. ngovensis 
have im|)erforate tracheary elements that can be classified as long. Bor¬ 
dered pits are usually present on both radial and tangential walls and 
have minute to large diameters. In the New Caledonian species the pitting 
is often distributed in multiseriate rows. The walls of fiber tracheids vary 
considerably in thickness. Ihin-walled elements (cell lumen greater than 
thickness of walls) occur in II. scandcns, II. baudoutnii. II. luccns, II. 
trachyphylla. II. saligna, II. virgata. II. cuncifonnis. II. hypericoides. II. 
coriacca, and particularly II. ngoycrisis. Thick-walled elements (cell lu¬ 
men almost completel}^ closed) characterize II. glabcrrima. II. hucgclii. II. 
uncinata. II. scricca. and particularly II. drummondii. 


Rays. Rays are heterogeneous, and in plants with abundant .xylem both 
multiseriate and uniseriate rays are present. In Australian plants with 
limited secondary xylem production, generally only uniseriate rays occur, 
although the.se may occasionally become biseriate. Multiseriate ravs are 

m/ 

present in New Caledonian species in the first-formed secondary xylem. 
Alultiseriate rays are 1 to 5, mostly 1 to 3, cells wide, are composed pri¬ 
marily of upright cells, and have long uniseriate wing extensions of the 
upright cells. Rays tend to be numerous to abundant per square mm. 


Axial parenchyma. Axial parenchyma is diffuse and scanty in dis¬ 
tribution, although it becomes increasingly scarce in more xeric species. 
Axial patenchyma is rare in plants like Ilibbcrtia drummondii. Numerous 

raphides are present in enlarged axial parenchyma cells of //. cuneijormis 
and II. virgata. 


DISCUSSION 

In the genus Ilibbcrtia, trends of specialization with re.spect to growth 
habit have been chiefly toward small, thin-stemmed, prostrate or semi- 
prostrate shrubs; and with respect to leaves primarily toward leptophvlls 
and nanophylls {sensu Raunkiaer, 1934) having various kinds of special¬ 
izations associated with drought resistance. Nodal anatomy has frequent¬ 
ly been reduced from the trilacunar to the unilacunar pattern. The result¬ 
ing diversity in plant habit, and. therefore, the amount of secondary xylem 
produced, makes an evaluation of the wood anatomical data obtained from 
this genus difficult. The dangers in comparing data from woods of different 



1978] 


DICKISON ET AL.. HIBBERTIA 


41 


ages and growth habits are well known. Nevertheless, it is clear that Hib- 
bcrtia has undergone an extensive adaptive radiation that has often lesulted 
in reduced plant size in response to increasingly arid conditions. The com¬ 
bination of decreased plant stature and decreased water availability has 

produced significant alterations in xyleni structure. 

Uibbcrtla species from mesic habitats show an absence of growth rings. 
Sea.sonality of climate is reflected in xylem with growth rings and even 
ring porosity. In Uibbertia, vessel elements have frequently become shorter, 
a trend noted for other xeric taxa by Carlquist (197,S). and their i:>erfora- 
tion plates have acquired a reduced number of bars (less than 10) with 
a few species ev'en pos.sessing occasional simi)le perforation plates. Small 
differences in vessel member length are not here regarded as important, 
although variation representing different size classes of elements is signifi¬ 
cant. In dicotyledons as a whole, these trends have usually been accom¬ 
panied by an increase rather than a decrease in pore diameter. In H'lb- 
bcvtia a reduction in vessel element length is associated with a reduction 
in pore width. These tendencies are also combined with an inciease in 
pore number per unit area. It must be kept in mind, however, that theie 
has also occurred a dramatic decrease in the total amount of xylem pro¬ 
duced in the xeric plants. The only exception in the trend towaid smaller 
pore diameters in small-stemmed species is //. scandcns, a liana, in which 
vessels are v'erv wide in comparison with stem diameter, yet have retained 
scalariform perforation i)lates with a moderate bar number. 

With regard to correlations between perforation plate type and eco¬ 
logical factors, van der Graaff and Baas (1974) and Carlquist ( 1975) pre¬ 
sented evidence to show that no general trend can be established in di¬ 
cotyledons as a whole, an opinion further enunciated and documented by 
Baas (1976). Individual genera, however, occasionally do show such cor¬ 
relations. Hibbertia, for example, demonstrates a high degree of correla¬ 
tion between mesic habitats and longer v^essel elements with many-barred 


scalariform perforation jdates. and xeric habitats and vessel elements with 
reduced length, diameter, and bar number in scalariform perforations. The 
only notable exception is the xeric species H. pvocuinbcns, which has short, 
narrow vessel elements, yet has retained .scalariform perforation plates with 
a high number of bars. The scalariform lateral wall pitting on the vessel 
elements of this species is also unusual. It is very clear that in Hibbertia, 
habit-related anatomical modification is superimposed upon evolutionary, 
habit-related, and/or physiological specialization, and the separation of 

these facets is difficult. 

Four other families of angiospermous shrubs occur regularly in associa¬ 
tion with the specialized Australian species of Hibbertia: Troteaceae, Le- 
guminosae (especially Acacia), iNIyrtaceae, and Epacridaceae. In the fiist 
three families, vessel elements are short, comparatively wide, and have 
simple perforations. The Epacridaceae, however, resemble Hibbertia in 
that several species have vessel elements with small or very small diameters 
and scalariform perforation plates. The Troteaceae, Legtiminosae, and 
Myrtaceae contain large shrubs and trees, and most of the recorded data 
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are from these larger species. The Epacridaceae. on the other hand, con¬ 
tain chiellv small, slender-stemmed shrubs similar in growth habit to 


llibbcrtia. Ifaas ( 1976) has observed that in the lLi)acridaceae, the .genera 
with scalariform plates show a mesic preference, and the itenera with ex¬ 
clusively or ])redominantly simple i)lates prefer xeric 



Rel.vtion betwi'.ex wood .\n.\tomv and taxonomy. As reported by 
Stebbins and Hooyland (1976), the yentis llibbcrtia is remarkable for its 
great range ot variation with respect to leaf size, shape, and slrticttire, as 
well as to lloral moiphology. I'he present study reveals an additional 
large range ol variation with res|)ect to secondary xylem structure, particu¬ 
larly in ve.s.sel element morphology. In many of the princiixil .sectional 
groups {scusii (jilg & Werdermann, 1925 ), which differ from each other 


with res|)ect to 



morphology, the trend toward medium-sized to 


small, olten acicidar leaves can be lound as an independent course of 
e\'olution ( Rury Dickison, 1977). 

Within each section or .sectional group (considering HivMiPLt.LUtAKDRA, 
Hi:.MisTE.\nE\. and I’liwraxdra as a .single group) there apjiear to be 
jxirallel trends ol specialization. In leaf morphology they consist of re¬ 
duction in leaf size and venation, and increase in the |)roportion of .scler- 

morphology there has been reduction in 



enchymatous ti.ssue; in 
size and number ot ])arts: and in \a\ssel elements, reduction in length, 
diameter, and number of scalariform perforation i)late bars, all correlated 
with an ovei'all rerluction in plant size. A different combination is seen in 
llibbcrtia scandciis (section C'yceandra. subsection Subsessiles), in which 
huger lea\’e.s and lloweis ai'e associated with N’essel elements showinu no 
refluction in diameter, d'his species has also l)ecome specialized differently 
in growth habit, since it is a vine rather than a small shrub. 'Khe three 
New C'aledonian sections exhibit considerable homogeneitv in their wood 
anatomy. In addition, they ha\'e many similarities to section Hemestixm- 
M.v. a relati\’ely mesophytic species group from northern Australia. New 
(hiinea, and Madagascar. .\ very interesting parallelism in leaf and nodal 
stiuctiue also occur.s within these .sections sc| 3 arated bv lloral characters. 
The New' Caledonian subsection Trimorimea.xdra. placed by Cilg and 
Weideimann (192,5) within the highly heterogeneotis Australian section 
CvuLANDRA Oil the basis of lloral moiphology. exhibits a leaf moiphology 
identical to that of the New Caledonian hibbertias (Rurv & Dicki.soii. 

si>ecimen.s of subsection d'RiMORPiiANDRA were 


Although wood 


1977 ). 

not availaltle for study, we strongly suspect that the wood anatomy of 
these s[)ecies would serve to support the suggested transferral of this sub¬ 
section to one ol the New Caledonian sections of llibbcrtia. 

A lack ol correlation is evadent when llibbcrtia is com|)ared with two 
ol its nearest relatives. DidcsDiandra and Sc/iiiniac/icria. These ‘naiera 
ha\e longet vessel elements with larger numbers ol scalariform j^erfora- 
tion plate bars than any species of llibbcrtia (Dickison. 1967). Xeverthe- 
Icss, their llowers are liilaterally .symmetrical, and in the reduction of the 
o\lilts to one pel catpel, as well a.s m lloral anatom\', they are more special- 
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ized than any species of Ilibbcrtia (Dickison. 1968; Wilson, 1973). 
Pachvnenia, the third f^enus related to IIibbertia, is essentially leafless and 
has a much reduced floral structure (Wilson, 1973). Examination of the 
secondary xylem of I\ junceum {van Steenis 17664 and C. Dunlop s.n.) 
reveals that vessel elements are medium sized in lenyth (242-627 /un., 
mean 440 /xin.) with scalariform perforation plates. The number of bars 
per scalariform perforation plate ranges from 2 to 15 with an average num¬ 
ber of 7 (Figure 11). Fiber-tracheids are very short in length (363-902 

/j.m., mean 660 jum.). 


Rel.ation between vessel element structure and geographic dis¬ 
tribution. The species havdng the least specialized vessel elements include 
endemics to each of the major geographic regions where Hibbcrtia occurs 
(eastern Australia, southwestern Australia, New Caledonia, ^Madagascar) 
with the exception of northern Australia, from which no specimens have 
yet been examined. However, since the species of northern Australia re¬ 
semble H. coriacea of ^Madagascar and H. lucens of New Caledonia in 


most characteristics, and occur in similar habitats, there is good reason 
to believ^e that most of them have relatively unspecialized vessel members. 
Wbth the exception of //. scandens, which occurs from southeastern Aus¬ 
tralia northward to New Guinea, all of the species known to have more 
sjiecialized vessel elements occur in southeastern, southwestern, or inteiior 
Australia, and inhabit temperate or subtropical rather than tropical re¬ 
gions. Trends toward leptophylly with accompanying reduction in length 
and diameter of vessel elements occur in species endemic to southeastern 
Australia (//. virgato), to the dry interior {H. glaberrhna), and to south¬ 
western Australia (11. hucgelii), as well as in species groups that are dis¬ 
tributed all across the continent (H. stricta). The three species observed 


to possess occasional simple jierforation plates are all from the interior 
region of Australia. The evidence from geography, therefore, supports 
that from floral moi'iihology to indicate that in various parts of temperate 
Australia, independent trends toward xylem specialization have occurred 
contemporaneously. Although in Hibbcrtia reduction in vessel member 
length and diameter is apparently the result of a multitude of biotic and 
abiotic factors, these trends do follow the general trends for other dicoty¬ 
ledons of decreased vessel element length and diameter with increasing 


latitude (van der Graaff & Baas, 1974). 


REL.4TION BETWEEN WOOD STRUCTURE AND HABITAT. The trends of 

specialization of vessel elements toward shortening, reduction in diameter, 
reduction in the number of bars on scalariform perforation plates, and even 
the formation of simjile plates, that are reported for the genus Ilibbcrtia 
are clearly associated with occupation of drier habitats, including those 
like the heathlands of eastern Australia. Similar trends are reviewed by 
Carlquist ( 1975) for desert shrubs and high montane or alpine cushion 
plants belonging to various families. Associated with these changes in 
Hibbcrtia vessel structure, is a concomitant decrease in length and in- 
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crease in wall thickness of imperforate tracheary elements and an overall 

decrease in the amount of axial i)arenchyma. The species with the thickest 

ld)er-tracheid walls is II. druininondii, a species also characterized by the 

occasional occurrence of simple perforation plates, which "rows in the dry 

* ^ 

Australian interior. 

Nevertheless, a different picture emerges when one compares the least 
specialized sj^ecies belonyiny to each of the sections with each other, and 
also when Ilihberiia is compared with other yenera of 1 )illeniaceae. Fhese 
species, although by no means xerophytic. do not always occupy the wetter 
habitats of the regions where they are found. 11 ihbertia a species 

with comparatively primitive vessel members, is uenerallv distributed on 

* f 

ridge crests and mountainsides in a forest of Eucalyplus spp. This .species 
of Ilibbcrtia, because of the tendency of liucalyplus leaves to hang ver¬ 
tically, receives abundant light on the forest lloor. Ilibbcrtia serrata. //. cii- 
iH'ijo/'Dus, and II. lucens are three additional species which ]>o.sse.s.s ves.sel 
elements ha\ing scalaritorm ]Derforation plates with 24 to 42 bars. The first 
two of these species grow in southwestern Australia where annual jnecipi- 
tation is ample, from 40 to 60 inches, but where the summer drought 

o 

lasts troin four to live months. In tins region, they occur in relatively dry 
as well as more mesic sites. Ilibbcrtia lucens has a tropical habitat, but ac¬ 
cording to herbarium labels it grows in dry, open torests rather than in w'et 
rain forests. All of the New Caledonian species that Avere investigated have 
comparatively primitive vessel members. Ilibbcrtia baudouinii occurs in 
more mesic situations than does //. lucciis, and the .s]:)ecimen of II. ngoyen- 
si.s studied grew in a humid forest, d'he remaining species having vessel 
elements wath 20 or more bars per scalarilorm perforation plate are II. 
coriacca ol .Madagascar, which grows in the climatically moist eastern 
side ol the island (but according to herbarium labels in dry, sunnv places 
or on .sandy .soil that is subject to periodic drought), and II. obtu.dfolia, 
the specimen of which was collected in a dry Eircalyptus forest near Can- 
bet la, Australia, k iber-tracheid walls of these plants tend to be thinner 
than in other species. .Also, all of the abo\’e species of Aladagascar and 

New Caledonia have a more regular, better-developed .system of both low 
and high order venation. 


Pre.sent evidence suggests, therefore, that the correlation between vessel 
element .specialization and adaiHation to drought holds well for trends 
within the .Australian species of Hibbcrtia, but that the situation within 
the genus as a whole, particularly among the .species of northern Australia. 
-New Caledonia, and .Madagascar, is le.ss clear. .Any conclusions about these 
species must await the study of additional material. 

The .same ambiguity arises when other genera of Dilleniaceae are ex¬ 
amined. Long ves.sel members having exclusively scalar!form perforation 
jrlates with many bars occur in Dillcnia, Schwnachcria^ and Didesmandra. 
\\ hereas the latter two genera are rain forest plants. Dillenia grows in a 
variety of habitats including lowland rainforests, savannas, and monsoon 
forests with pronounced dry periods (Baas. 1976). Another dilleniaceous 
genus with scalariform perforation plates is Acrotrcaaa. a woody herb that 
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grows in wet areas. These genera, however, are distinctly more specialized 
with respect to floral morphology than is Hibbertia (Dickison, 1968; Wil¬ 
son, 1973), so they cannot be regarded as being more (or even as) closely 
related to the common ancestor of the Dilleniaceae than is Hibbertia. The 
presence in Pachynema coniplanatum of elongate vessel elements of wliich 
the scalariform [;»erforation plates have 16 to 48 bars (Dickison, 1967) is 
truly remarkable, and a re-examination of this species with new material 
would be highly desirable. This species grows in the tropical monsoon 
climate of northern Australia where it is subjected to ftve months of winter 
drought. It is a shrublet l)earing leafless, flattened stems and much-reduced 
flowers. The habit of the plant, and even more that of other species of 
Pachynema, such as P. junceum, suggests a long history of adaptation to 
aridity. The occurrence of scalariform elements in Pachynema suggests 
the possibility of an early derivation of this genus from the ancestral hib- 
bertias and a subsequent radiation into xeric habitats, rather than a more 
recent derivation from the extreme xeromorphic forms of Hibbertia. Con¬ 
sequently, the anatomy and the ecological preferences of the least special¬ 
ized species of Dilleniaceae do not support the hypothesis that their an¬ 
cestor evolved in a tropical rain forest climate, and that specialization has 
been continuously and irreversibly associated with adaptation to greater 

aridity. 

^\'OOD AN.ATOMY AND LE.AF MORPHOLOGY IN RELATION TO HABITAT. Vege¬ 
tative character syndromes observed in the growth habit, nodes, and leaves 
of numerous species of Hibbertia represent the evolutionary products of 
morphological adaptation within diverse ecological situations (Rury & 
Dickison, 1977). The present study reveals ecologically adaptive charac¬ 
ter syndromes in the wood anatomy of Hibbertia which are clearly cor¬ 
related with both habit and habitat of the species studied (Table 3). It 
appears that the vegetative and wood anatomical character syndromes of 
these hibbertias have evolved, in general, as a single vegetative unit in 
response to environmental selection (Tables 3, 4). Hence the wood anat¬ 
omy, nodal structure, and leaf morphology and venation are best regarded 
as a “morphological continuum” which has evolved as a unit during the 
ancient adaptive radiation of this genus {sensu Stebbins. 1974). 

The Australian hibbertias exhibit a heterogeneous species assemblage 
with respect to leaf size, leaf morphology, and floral structure. The most 
mesic species of Australia occur as small {Hibbertia saliyna) to large (//. 
serrata) shrubs, or rarely vines (//. scanclens, H. dentata). In these plants, 
features such as long, wide, scalariform vessel elements with numerous bars, 
and thin-walled fibers are correlated with mesomorphic leaves with primitive 
{sensu Hickey & Wolfe, 1975) leaf venation patterns. All mesophytic .spe¬ 
cies examined, with the exception of //. hypericoides, possess three-trace, 
trilacunar nodes, a feature considered as primitive for Hibbertia and the 
entire family Dilleniaceae (Dickison, 1969). The presence of such features 
as short vessels with few bars (mean 7) per perforation plate, unilacunar 
nodes, reduced leaves (nanophylls), and reduced leaf venation in H. hy- 



Table 3. Wood anatomical features and leaf sizes of 27 species of Hibbertia 

in relation to habitat type and geography. 


Species grouping 

Le,\f size 

CI.ASS " 

\’essel element 

LENGTH, Mm. 

Pure 

DI..\METER, Mm. 

Nu. B.ARS PER 

PLATE 

Fiber 

LENGTH, Mm. 

I'lBER W ALL 
THICKNESS '' 

Australian mesic 
( 8 spp. ) mean 

L. S. 3 

851 

30 

21 

1059 

m-t 

range 

L. S. 2, 3 

308-1694 

14-45 

6-80 

792-1402 


New Caledonian mesic 

(2 spp.) mean 

L. S. 3 

1023 

76 

20 

16 2 3 

m-t 

range 

L. S. 3, 4 

968-1078 

57-95 

17-22 

1441-1804 


Total mesic species 

(10 spp.) mean 

L. S. 3 

SS5 

42 

21 

1172 

m-t 

range 

L. S. 2-4 

308-1694 

14-95 

6-80 

792-1804 


Australian semi-xeric 







(11 spp.) mean 

L. S. 2 

585 

7? 

10 

SOI 

m 

range 

L. S. 1-3 

165-1265 

14-40 

0-37 

517-1402 

t-th 

Island semi-xeric 

(4 spp.) mean 

L. S. 3 

863 

45 

29 

1188 

m-t 

range 

L. S. 2. 3 

341-2037 

3 5—61 

13-50 

1001-1551 


Total semi-xeric species 

( 15 spp.) mean 

L. S. 2 

655 

28 

15 

898 

ni 

range 

L. S. 1-3 

165-2037 

13-61 

0-50 

517-1551 

t-th 

Xeric species (Australian) 

(2 spp.) mean 

L. S. 2 

522 

18 

3.5 

764 

m-th 

range 

L. S. 1-3 

497-547 

13-23 

3-4 

760—767 



Leaf size classes: see Table 2. 

Fiji, New Caledonia, and Madagascar. 

Fiber wall thicknesses: t, thin; m, medium; th, thick. 
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Table 4. Wood anatomical features of 27 species of Hibbertia 

in relation to their leaf size classes. 


Leaf size classes " 

\'essel eleme.nt 

LENGTH. Mm. 

Pore 

DIAMETER, Mm. 

No. BARS 

PER PLATE 

Fiber 

LENGTH, Mm. 

Fiber wall 

THICKNESS '■ 

L. S. 1,2 

(12 spp. ) mean 

559 

19 

11 

757 

m 

L. S. 2, 3" 

(4 spp.) mean 

726 

28 

12 

1017 

m 

L. S. 3, 4 

(11 spp.) mean 

897 

45 

23 

1206 

m-t 


"" Leaf size classes: see Table 2. 

Excluding species with exclusively L. S. 2 or L. S. 3 
Fiber wall thicknesses: t, thin; m, medium; th, thick. 


leaves, i.e., leaves of intermediate sizes 
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pcricoidcs. a specie.s of .semi-xeric and mesic hal)ital.s, su,u;f^ests that this 
species mav be a secondary radiant into mesic areas. 

All of the mesophytic island si)ecie.s of Ilibhcrtia exhibit a vegetative 
mori)hological strategy which differs from that of the meso|)hytic Aus¬ 
tralian hibbertias. The large shrubs and rosette trees of these island habi¬ 
tats possess trilacunar nodes and large, entire leaves with strong intra¬ 
marginal veins and a very rigid, regular, and well-developed .system of 
low (brochidodromous) and high order venation. These mesoj^ihytes, how¬ 
ever. [lossess long, scalar!form vessel elements which, with the excei:)tion 
of a slightly larger pore diameter, are very similar to tho.se of their shrubby 
Australian counterparts. I'he non-expansible, tear-resistant leaves of these 
island hilrbertias thus appear to represent the result of evolution within 
a relatively non-sea.sonal. growth-promoting habitat where the potential 
for sudden leaf expansion in response to ephemerally favorable microcli¬ 
matic conditions would not be arlvantageous. d'he occurrence of such 
mesomor ph ically acK'anced leaf venation patterns in |)lants with rehitivelv 
primitive woorl anatomy re])resent.s a type of mosaic evolution which is 
also evident in other genera of Dilleniaceae. 


259 pp. 
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